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Signature, Backgrounds, and Predictions

e Search for SUSY in 1 isolated lepton + jets + MET channel

> 1 isolated lepton from decay of a W or new particle
> high-energetic jets from the decays of strongly-coupled SUSY particles

> MET from the weakly-interacting LSPs
« Backgrounds

> W+jets & ttbar: largest backgrounds, requirement of p_ jets and high HT:Z,@S i
reduces this background

> QCD: suppressed by multiple energetic jets, isolated lepton, and large MET
« Two approaches for final selection and background estimation

> Lepton Spectrum method
- Uses lepton p_ spectrum to predict major background, 1-lepton SM ttbar &
W+jets
> Lepton-Projection (L) Method

- Sensitive to helicity angle of lepton in W rest frame (developed in context of
09/01/2011 W polarization measurement)



Data-driven methods and reliance on
W polarization

« Both lepton spectrum and lepton projection methods data-driven and rely on
well understood properties of W polarization

« For ttbar, W polarization very precise prediction of SM theory, calculated to
NNLO [f .=0.687+0.005, f =0.0017+0.0001, f=0.311+0.005]. DO and CDF

measurements agree with the theory prediction.

Theory: doi/10.1103/PhysRevD.81.111503
DO: doi/10.1103/PhysRevLett.107.021802
CDF: doi/10.1103/PhysRevLett.105.042002

 For WH+jets, theory calculates W polarization to NLO and helicity fractions
stable with respect to QCD corrections. Experimental measurement at CMS
(based on the L variable used in this SUSY search) consistent with theory.

Theory: arXiv:1103.5445
CMS: doi/10.1103/PhysRevLett.107.021802
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Event Preselection Requirements

Quantity Requirement

Jet pr threshold = 40 GeV

Jet  range n| <24

Number of jets > 3 (LP Variable method),

Lepton py threshold > 4 (Lepton Spectrum method) All results in this
on pr sho > -

Muon 7 range ln] < 2.1 talk for 1.1 fb !

Muon isolation (relative) < 0.10

Electron isolation (relative) < 0.07 (barrel), < 0.06 (endcaps)

Electron 5 range || < 2.4, excluding barrel-endcap overlap

Lepton pr threshold for veto > 15 GeV

Plots made for >3 jets, exactly 1 muon w/ p_>20 GeV, H >300 GeV, MET>60 GeV
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MC scaled to data; good agreement between data and MC shapes



Lepton Spectrum Method
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Lepton p_and MET distributions
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. In SM (ttbar and W+jets), the MET (neutrino p_) and lepton p_ spectra are closely
related. Differences stem from:

> W-polarization in ttbar and W+jets, lepton selection criteria, feed-down from dilepton and t
events

> MET instrumental resolution and systematic mismeasurements (modeled using QCD data)

« In SUSY, the MET and lepton p. spectra decouple due to the presence of two LSPs.
MET spectra tend to be much harder than the lepton p_ spectra in many models

09/01/2011



Lepton Spectrum Method

Search in MET tail with >4 jets and H_>500. In ttbar & W+jets, genuine MET

from neutrinos dominant source of MET, instrumental MET less important.
Method models both types of MET using data-driven methods.

Background prediction methods

1. Single lepton ttbar and W+jets background (~75%) is modeled based on
lepton p_ spectra (for real MET) smeared with artificial MET templates (for

fake MET).

2. For dilepton ttbar and tT— /e decays (~25%) backgrounds estimated using
different methods with dilepton and single lepton control samples in the data.

3. QCD background (<1%) is constrained in data-driven way by calculating
ratio of non-isolated to isolated leptons at low MET and then multiplying this
ratio by non-isolated leptons at high MET.

4. Other backgrounds (<1%) are small and obtained from MC.

09/01/2011 Method used in 2010 SUSY single lepton analysis at CMS: arXiv:1107.1870



MET resolution: smearing of lepton p_ spectrum

- To model instrumental MET resolution effects, lepton p_spectra are smeared

using artificial MET templates obtained in data (from single jet triggers). The
smearing procedure for 1 mu+jets events:

1) Start with single event  2) Find MET template 3) Smear p py according
——-—— corresponding to events H_ to MET template.
N | m;:_ | T 08 -
| wif :
—— @ | — | non-smeared pt
4 -l o smeared pt
0.2 2”"3.(.- 02
L 1001 '
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10°

Turn 1 event into

Final Result: “';fI ~1000 smeared
S.me\:are.d u pt . aa events w/ weight
distribution, i 0.001
10-15% effect HH\H\HM '

09/01/2011 P, 8

Full MET prediction is sum of smeared lepton p, over all single lepton events



Events / 10 GeV

Events / 10 QEV
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Results for Lepton Spectrum Method

Linear

CMS preliminary 2011
1.1 fb', \Js=7 TeV
1eoru,=4 jets (40 GeV)

H. > 500 GeV
Data

] lﬂlf')ileptonﬂ prediction
1

I L"L"Li—_ !!lﬂ: ;
100 200 300 400 500 600 700
E; [GeV]
Log
E; CMS preliminary 2011
i 'ﬂ. 1.1 fb, s =7 TeV
- hiH 1eoru,=4 jets (40 GeV)
1L|U 'M H_> 500 GeV

[
UL

Two signal selections
Loose: H.>500, MET>250 GeV

Tight: H_>500, MET>350 GeV

Total background predictjo

Sample Loose Selection (e+yu) | Tight Selection (e+u)
Predicted SM 1 £ 346+7.71+108 8.86+37+34
Predicted SM dilepton 40+394+08 0.9+19+0.9
Predicted single T 105 +=1.2+0.5 23+05+0.2
Predicted QCD background 0.0+1.24+0.3 0.0x1.0+0.3
Single top (MC), Z+ets (MC) 07 £02 02 01+01+01
Total predicted SM 498 + 8.8 - 10.8 121 +43+36
Data 52 8

« SM 1 lep from smeared muon p_ spectra

» Predicted SM dilepton and single T method
described on next slide
» QCD background constrained to be negligible using
data-driven technique
* Single top, Z+jets are very small and taken from MC
* Dominant systematic uncertainty is JES (see

backup slides)

Total predicted SM agrees well with observed
in both loose and tight selection




Dilepton & T—pn/e backgrounds

. Lepton p_ spectrum does not predict MET from these backgrounds

« Dilepton ttbar events: ~15% of total (from MC).

- Use control sample of dilepton events (i.e. [u,u], [e,€], [u,e]) to estimate
the MET tail of these events

« ttbar, W+jets t—p/e events: ~10% of total (from MC).

09/01/2011

- Use control sample of 1e/u to predict MET by taking part of the lepton
p. and vectorially adding it to the MET (based on MC)

MET predictions in data, e+u_channel
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Lepton Spectrum exclusion plots

Loose selection (H>500, MET>250)

CMS Preliminary L = 1.1 fb", s=7TeV

g 7m B 1 ] L L | IP L 1 I L 1 1 L I 1 1 g
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Signal efficiency

uncertainties:

09/01/2011

Taken into account (% effect
on efficiency):
JES ~ 10%
NLO effect ~ 10-18%
* Lepton efficiency (5%)
* Luminosity uncertainty
(4.5%)
Apply 20% uncertainty flat in
my,m,,, plane.

Tight selection (H,>500, MET>350)

CMS Preliminary L. = 1.1 fb s =7 TeV

9 7m B I “1 I T L] I 1 T 2]
S e § 95% C.L. Limits: B coF ;.G tenis, <0 .
g 30[] :*5 LS Observed Limit, CL, m DO 7,5, tani=3,u<d ]
o B LS Median Expected Limit D LEP2 x; ]
E"' - LS Expected Limit = 10 I:l i .
500 2010 LS Observed Limit, FC ; o]

g Y200, tanf=10,A =0,u>0 -

L el 7 (1000)CeV -

400 =
300 -
200 =

Systematic uncertainties on
background prediction also
taken into account. See backup
slides for table of systematics.

[ |
1500

m, (GeV)
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Lepton-Projection (L ) Method
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Entries / bin

Lepton Projection (L) variable

CMS Simulation
R G TR U LR T
i_fL dt=1.14fb" il el
v t(1)
j_\JS-TTE"F “(”)

Z
—QCD

— LM1

8
7
6
5‘ —LM8
4
3
2

_ Pr(£) - pr(W)
| PT(W)|?

- L Is a polarization variable, very highly correlated
to cos(6%); L,—1/2(1+cos(6%)) at high p_(W)
o Fit of Lp templates were used to measure

W polarization in W+jets events at CMS
PRL 107 (2011) 021802
- L, uses both angle (MET, lepton) and

momenta to separate SUSY/SM

Lp

Perform search in L, binned in S'epT le

- - SF = pr(l) + F
S*°_good measure of energy in leptonic sector, T Pri£ T
without effecting lepton-neutrino correlation

09/01/2011
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Muon Channel, 25O>ST>350 GeV
CMS Proliminary 2011

a0

Events /0.15

30

10

L background method

a0l

20}

e
=DATA |

:'1.141b",‘\.|§=?' TeV W
it
| ;
Sy o
L Si
- : Control
Region _H- Region
| +
-0.5 0 0.5 1 1.5
Lr

« >3 jets, H >500 GeV
« Search in L variable in 3 bins of S'epT:
S'epT= 250-350 GeV, 350-450 GeV, 450+ GeV

. Also check method in bin of lower S'epT,

150-250 GeV

» Estimate number of SM background in signal
region by multiplying control region by
RCS, translation factor from MC

Number of events with Lp < 0.15

Res =

Number of events with Lp > 0.3

R.s: translation factor to extrapolate from control to signal region:

09/01/2011

NSMpred(LP = 015) — RCSNdata(LP b 030) 14



Electrons

Muons

09/01/2011

L distribution in different bins of S"*'°T
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QCD prediction in the L, method

* |n p channel, perform data-driven method using isolation of the muon and

MET to show QCD negligible (similar to lepton spectrum method)

* In e channel, larger QCD contribution, especially in control region

. Fit L, variable in signal region (L_>0.3) with EWK (ttbar & W+jets) L
template from MC and QCD L template from data (electron-1D

inversion). Then extrapolate fit to signal region (L _<0.15) to obtain final

QCD and EWK number

Shows it is
possible to
get a QCD
data template
by inverting
electron ID

09/01/2011

w 0.9
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QCD MC, e channel 150<S'e'°T<250 GeV, e channel
SERERRE L L B B A BB B mGCMSPreIiminar',rEEH
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Results, LP method

Muons Control Region (Lp >0.3) Signal Region (Lp <0.15)

Sll'-ap Range (GeV) | Total MC | Data || Total MC | SM estimate | Data
[150-250] 385+7 368 73.9+3.0 70.6+11 84
[250-350] 1162 112 28.1+1.1 27.2+4.6 29
[350-450] 43.4+42, 41 11.5+0.7 109+ 2.3 =

~ >450 | 18.4+0.8 15 6.5+0.4 53+ 1.8 6
Electrons Control Region (Lp >0.3) Signal Region (Lp <0.15)
<p Range (GeV) QCD EWK |Data || QCD EWK | SM estimate | Data
[150-250] 39.5+155 | 350+24 | 390 | 1.0+03 | 60.8+4.1 | 61.8+8.7 69
[250-350] 50+52 | 117+12 | 122 0 222422 | 222+44 21
[350-450] 71439 | 289+6.2 | 36 0 6.9+1.5 6.9+1.7 7
> 450 6.5+5.7 | 125+3.8 | 19 0 43+1.3 43+1.5 3
S 120 CMSI'- I?rpllin'lliqalrylzn1l1 S 100 CMEI‘n ll-"rgllin'llir}alrvlzluﬂ .
;‘5 E1.14ﬂ:r‘, s=7Tev _Muons g [1.14fb" s =7 TeV Electrons > SM estimates agree
g 1% - ] with observation
I —s— I ion I e |
~ gof 1 ~ F —e— prediction ] . . o s
g " ]1 e £ oo o ] within uncertainties
a SO {a, * No signs of excess
40t : [ ' observed
ot ] ) 200 —t— 1
3 —— [ ] Dominant systematic uncertainty
u'..l....|...|..... n.l....l....l....|. - 0 .
200 300 400 500 200 300 400 500 is number of events in control region
g s (see backup slides)
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L exclusion plot

CMS Preliminary L =1.1fb'\s=7TeV

Signal efficiency
uncertainties:

uncertainty values
L 4.5%
trigger efficiency 1%
JES 5% 10%-15%, varies between SUSY grid points
E 1 resolution 10% | 1%-15%, varies between SUSY grid points
PDF and NLO 10%

g ?m I L) ] L] r ) Li i 'I L T L 1 I T L)
O - _% 95% C.L. Limits: I coF G, tani=s, k<o
g 600 -1 LP Observed Limit, CL_ DO £, tani<3,u<0 |
o : ------- LP Median Expected Limit I:l LEP2 i., :
I~ - LP Expected Limit= 1o - : . -
= = e |_| LEP2 T =
5m £ 2010 LS Observed Limit, FC -
- ¥ 200, tanf=10,A =0,u>0 -
= G, o N
5 g(1000)GeV =
400 T
300:_ i-',-:-zﬂ,nsev—:
2001 B 1500)Gel-—
1 | ] ] 1 | L ] &

0 500 1000 1500

m, (GeV)

Exclusion limit takes into account predictions in each of the bins of S""'“’T
(except S'e'”T 150-250 GeV bin) and uncertainties on signal efficiency and
background prediction (see backup slides for tables of background

prediction systematics)
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Lepton Spectrum and L exclusion plots

CMS Preliminary L -1.1 fb,\s = TTEV

— TW 0 T T T | T T T [ |

% - 3 95% C.L. Limits: - CDF g, g, tansi=5, m:n -

5 r ",;' LS Observed Limit, CL_ = 00 7., tares, we0
~— 600 _—P ------- LS Median Expected Limit SN ) q_ ]
o _ LP Observed Limit, CL, LEP2 %, =
= F  BEETEETTE LP Median Expected Limit |:| LEP2 T° 7]
500 o= 2010 LS Observed Limit, FC =
- SPQ%FJ tanp =10, An =0,u>0 -
e Cop gl GE‘DJLEU‘ -
- A — Lepton Spectrum method i
C L method "
300 F(750)GeV —
_ gﬂ} g (500)GeV —

2010 Limit

0 500 2000 1500
m, (GeV)

Limits for both methods very similar; constrain gluino mass to
be >~900 GeV (for m <500 GeV, tanf}=10)

09/01/2011
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Conclusions

1. Single lepton sample (e and p) with very loose selection requirements,
consistent with SM simulation. Conclude:

(a) Sample dominated by SM backgrounds, i.e., W+jets and ttbar
(b) No evidence for large non-SM contribution

(c) We can use the sample to estimate SM with data-driven methods

2. Apply two different data-driven background prediction methods, both which
rely on known properties of W polarization in ttbar and W+jets.

(@) Lepton Spectrum: data p_(lepton)—>MET
(b) Lepton Projection: data L (high)—L (low)

3. Good agreement between predicted and observed yields for both methods.
Also good agreement of shapes.

(a) Lepton Spectrum method: shape of MET distribution
(b) Lepton Projection: shape of L distribution (control/signal samples)
4. CMSSM Exclusion plots from both methods.

(a) Constrain gluino mass to be >~900 GeV (for m <500 GeV, tan}=10)
09/01/2011 20
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Backup Slides
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Generator level mu, nu p_

ttbar MC:
| fi,>=4 PF JETS pe30 GEV, I, |<2.1 :"‘“:_"‘“;u
0 The genuine MET is = ]
modeled based on the “*% —gennupt
muon P.. spectrum; -
[ Corrections for -
residual differences

5 10 150 200 250 0 W2 40

==l PF JETS pit=30 GEV, R <215 PL, 220

|

Eniriss 58450
Wesaar: [k
AME 358
2000
— gen mu pt
4000 — gen nu pt
3000
2000 N

B0 W0 150 20 2H0 W0 IS0 AN

(b) t with pr > 20 GeV

bﬂt‘WE‘,E]_’l the tWD . (a) tf no py threshold
spectra are obtained WHjets MC:
from MC. [V Pr TS o G, 12T | [

NB: the electron P
spectrum has significant
QCD contamination and
is not used today (but
should be included later in

2011). (c) W + jets, no pr threshold

(IV/UI/AUII

| Wiets »=d FF JETH poa0 GEV, i_ b1, pt__ »20 |

e e ]

Enivies 1717

T
A

— gen mu pt

— gen nu pt

B W0 150 30 /B0 W0 W0 AN

(d) W + jets, with pr > 20 GeV threshold
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Systematics Lepton Spectrum
Method

Source ﬂk(I'”"}(prcc:licI:w:t:l/J'T"\'Ttrl.m)(%') ﬂ(Npredicted/Ntruc)(%')
(Loose selection) (Tight selection)

ET and jet energy scale 23 31

W polarization in tf 4 14

W polarization in W+jets 9 15

o(tt) and o(W) 16 16

Lepton efficiency (y) vs. pr 4 =

Lepton efficiency (e) vs. pr A o
Backgrounds in control sample 7 7

Total 31 39

09/01/2011 23



L, method, kinematic dist. (muon
channel)

Data and MC comparison for muon events from the preselection
and with S'e"T = 150-250 GeV

CMS Preliminary 2011
_IIIIIIIIIIIIIIIlII
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LP method, kinematic dist.
(electron channel)

Data and MC comparison for electron events from the preselection
and with S'e"T = 150-250 GeV

CMS Preliminary 2011
IR

c i It ! '_
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Mu Channel: L yields in different bins of §'_

MC numbers

Lp < 0.15 Muons: S}Fp range (GeV)
Sample | [250-350] | [350-450] | [450-inf] * In MC, W+jets dominant background,
(E(/) | 114409 | 2.01+04 | 0.8+02 especially at high S*°_
tt (£0) 22404 | 0.6+0.2 | 0.1+01
W 14.5+0.6 | 8.0+05 | 5.6+0.4
Z 0+1.5 0+1.5 0+1.5
Total MC | 28.1+1.1 | 11.5+0.7 | 6.5+0.4
LM1 242409 | 23.1+09 | 16.2+0.7
LM3 24.84+0.8 | 16.7+0.6 | 9.74+0.5
LM6 1.9+0.0 | 2.54+0.1 | 59+0.1

250<S"" <350 GeV 350<S'" <450 GeV S'*? >450 GeV

CMS Preliminary 2011 CMS Preliminary 2011
LI B R B B B R B B AR R

CMS Preliminary 2011
R R E

= i o £ —rata | §= E
= SUUTLdt =1.14fb" TR 8 oo Lat=1.1am" TwTA L S 200 Lat=1.1a1 —wo
1] L 7} n [~ .
2 poohls =7 Tev ; i @ Ns =7 TeV :_zt 1] 2 18055 = 7 Tev tzi
S : Qacp S 8op acp | 5§ :igz_ Qcp
400 ] ; | g -
T ; 60| * . 1204 + ]
3000 . [ + + 100, =+ + :
| | | ’r 0. - ‘:
200, + _: so‘ -
oo 1 5 // | 2
20
0 0 50 100 150 200 250 300 0 50 100 150 200 250 300
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S [GeV]
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p.(lep) [GeV]



e Channel: L yields in different bins of S_

Lp < 0.15 Electrons: SITep range (GeV)
Sample [250-350] | [350-450] | [450-inf]
tt (0) 7.840.7 | 3.0£04 | 1.0+0.3
tt (¢0) 2.4+04 | 0702 | 0.4%+0.2
W 10.54+0.5 52404 4.74+0.3
Z 04+1.5 04+1.5 0+1.5
Total MC | 20.84£1.0 8.8+£0.6 6.1+0.5
LM1 229409 | 20.84+0.8 | 14.74+0.7
LM3 22.84+0.7 | 14.8+0.6 9.74+0.5
LM6 1.740.0 2.31+0.1 5.34£0.1
250<ST<350 GeV 350<ST<450
c CMS Prellmlnarwr 2011 S - _CMS IF'Irellilmill'llalrl'_wI 2011
2 Buqudt 1.14 b :Ev”“ 2 100 Lat=1.1a 0"
o /s =7 TeV t k< ~Ns =7 TeV
£ 500} z = i
|_|=_| - QcD |_|=_| 30_
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Systematics L, Method (muons)

SP ¢ [150-250] | [250-350] | [350-450] | > 450
Res 0.19 0.24 0.26 0.35
AN/N at1.1 fb=1 (%) 13 21 36 41
Systematic Uncertainty (%) 15 17 21 34
Control Region Statistics (%) 5 10 15 24
MC Statistics (%) 4 + 8 8
JES Uncertainty (Flat 5%) (%) 10 9 8 19
MET Resolution (10%) (%) 1 3 2 3
Lepton pT Scale (%) 2 2 1 3
W /tt Ratio (%) 5 5 6 10
tt (£4) (%) 5 4 2 1
W Polarization (%) 1 1 2 2
tt Polarization (%) 5 5 5 5

09/01/2011
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Systematics L, Method

(electrons)
5P ¢ [150-250] | [250-350] | [350-450] | >450
Res 0.16 0.18 0.19 | 023
AN/N at1.1 fb~1 (%) 12 22 38 58
Systematic Uncertainty (%) 14 20 24 34
Control Region Statistics (%) 5 9 17 24
MC Statistics (%) 1 10 7 8
JES Uncertainty (Flat 5%)(%) 9 10 10 19
MET Resolution (10%) (%) 2 2 5 7
W /tt Ratio (%) 6 7 6 10
tt (£0) (%) 6 7 6 2
W Polarization (%) 1 1 2 3
tt Polarization (%) 5 5 5 5

09/01/2011

29



L : additional electron QCD fit plots

150<S"" <250 GeV
— 100 CNS F".E',".‘“."?”.'!';F’E‘. I -
e 1 » Data S
g 90 11410 —Fit result @
E - EWK template =
w - QCD template ,_%
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Lepton Projection (L) variable

r pr(f) - pr(W) Fit of L templates were used to measure
P Tm—

= 2 W polarization in W+jets events at CMS
|Pr(W)] PRL 107 (2011) 021802
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